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Introduction
In previous RAN5#87-e meeting, RAN5 has discussed and agreed on R5-201765[1] of the test points (TP) analysis about the n48 NS-27 A-MPR requirements in 6.2.3 of TS 38.521-1[2]. The test configurations for the NS-27 A-MPR tests were then proposed and agreed to amend Table 6.2.3.4.1-13 to the TS 38.521-1[2]. 
In our recent analysis, we found there is a mismatch of some RB allocations in Table 6.2.3.4.1-13 with its tested A-MPR value. And thus, we’d like to provide our analysis and considerations to RAN5 to further discuss the test purpose of these RB allocations and seek clarifications and common understandings.
Discussion
In the current RAN4 spec TS 38.101-1 [3], the NS-27 A-MPR requirements are defined in the Table 6.2.3.16-1 and Table 6.2.3.16-2 in section 6.2.3.16. In these tables, the A-MPR value A1 is required for RB configurations for a specific defined region, while at the same time the A1 is also defined as an A-MPR value for outer RB allocation only. Below are the simplified tables that showing the above-mentioned information with yellow highlight.
Table 6.2.3.16-1 [3]: A-MPR for NS_27
	Channel Bandwidth, MHz
	Carrier Centre Frequency, Fc, MHz
	Region A
	Region B

	
	
	RBstart*12*SCS
	RBend*12*SCS
	LCRB*12*SCS
	A-MPR
	LCRB*12*SCS
	A-MPR

	…
	…
	…
	…
	…
	…
	…
	…

	40 MHz
	3570 ≤ FC < 3600
	<11.34 MHz
	
	
	A7
	
	

	
	
	≥11.34 MH,
≤31.0 MHz
	
	≥18 MHz
	A2
	
	

	
	
	
	
	<18 MHz
	A1
	
	

	
	
	>31.0 MHz
	
	<3.6 MHz
	A7
	
	

	
	3650 < FC ≤ 3680
	
	>24.48 MHz
	
	A7
	
	

	
	
	
	≤24.48 MHz, ≥6.48 MHz
	≥18 MHz
	A2
	
	

	
	
	
	
	<18 MHz
	A1
	
	

	
	
	
	<6.48 MHz
	<3.6 MHz
	A7
	
	

	…
	…
	…
	…
	…
	…
	…
	…

	NOTE 1:	Void
NOTE 2:	Void



Table 6.2.3.16-2 [3]: A-MPR for modulation and waveform type
	Modulation/Waveform
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A8

	
	Outer
	Outer
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
	PI/2 BPSK
	4.5
	6
	4
	4
	4
	4
	10.5
	4

	
	QPSK
	4.5
	6
	4
	4
	4
	4
	10.5
	4

	
	16 QAM
	4.5
	6
	5
	4
	5
	4
	11
	4

	
	64 QAM
	4.5
	6
	5
	4
	5
	4
	11
	4

	
	256 QAM
	
	6
	
	
	
	
	11
	

	CP-OFDM
	QPSK
	5.5
	7
	6
	4
	6
	4
	11.5
	4

	
	16 QAM
	5.5
	7
	6
	4
	6
	4
	11.5
	4

	
	64 QAM
	5.5
	7
	6
	4
	6
	4
	11.5
	4

	
	256 QAM
	
	7
	
	
	
	
	11.5
	

	NOTE 1:	The backoff applied is max (MPR, A-MPR) where MPR is defined in Table 6.2.2-1
NOTE 2:	Outer and inner allocations are defined in clause 6.2.2



Observation 1: RAN4 spec 38.101-1 [3] defined the A1 value of A-MPR for the outer RB allocation only in the condition of 40MHz channel bandwidth, 3570 ≤ FC < 3600, 11.34MHz ≤ RBstart*12*SCS ≤31.0 MHz and LCRB*12*SCS < 18MHz.
And in RAN5 spec 38.521-1 [2], the test configuration i.e., the testing RB configuration, for above mentioned A-MPR requirement is discussed and developed in the R5-201765 [1], and it is shown in the yellow highlighted part below.
Table 3 [1]: UL RB allocations for NS_27
	Channel Bandwidth
	Carrier Centre Frequency, Fc, MHz
	Region A
	Region B

	
	
	RBstart
	RBend
	LCRB
	Proposed RB allocation (DFT’s/CP)
	A-MPR
	LCRB
	Proposed RB allocation
	A-MPR

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	40 MHz
	3570 MHz
	15 kHz: < 63
30 kHz: < 31.5
60 kHz: < 15.8
	
	
	Edge_1RB_Left
	A7
	N/A
	N/A
	N/A

	
	
	15 kHz: ≥ 63, ≤ 172
30 kHz: ≥ 31.5, ≤ 86.1
60 kHz: ≥ 15.8, ≤ 43.1
	
	15 kHz: ≥ 100
30 kHz: ≥ 50
60 kHz: ≥ 25
	150@63/153@63
72@32/74@32
32@16/35@16 
	A2
	
	
	

	
	
	
	
	15 kHz: < 100
30 kHz: < 50
60 kHz: < 25
	96@63/99@63
48@32/49@
24@16/24@16 
	A1
	
	
	

	
	
	15 kHz: > 172.2
30 kHz: > 86.1
60 kHz: > 43.1
	
	< 10
	Edge_1RB_ Right
	A7
	
	
	

	
	3680 MHz
	
	15 kHz: > 136
30 kHz: > 68
60 kHz: > 34
	
	Edge_1RB_ Right
	A7
	
	
	

	
	
	
	15 kHz: ≤ 136, ≥ 36
30 kHz: ≤ 68, ≥ 18
60 kHz: ≤ 34, ≥ 9
	15 kHz: ≥ 100
30 kHz: ≥ 50
60 kHz: ≥ 25
	135@0/137@0
64@0/68@0
32@0/35@0
	A2
	
	
	

	
	
	
	
	15 kHz: < 100
30 kHz: < 50
60 kHz: < 25
	96@38/99@38
48@18/49@18
24@9/24@9
	A1
	
	
	

	
	
	
	15 kHz: < 36
30 kHz: < 18
60 kHz: < 9
	15 kHz: < 10
30 kHz: 5
60 kHz: < 2.5
	Edge_1RB_Left
	A7
	
	
	

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…



And then according to the discussion in [1], the principle to select testing RB allocation (in bold above) from the RB ranges defined above is the following.
Quote from [1]: The proposals for LCRB@RBstart in Table 3 are based on allocating as many RBs as possible close to the upper part or lower part of operating band n48 as it can be considered a worst-case scenario for spurious emissions towards adjacent bands.
Observation 2: RAN5 translated the RB configuration region from RAN4 spec 38.101-1 [3] directly, and proposed the current test RB allocations with the principles of allocating as many RBs as possible close to the upper part or lower part of n48. These test RB allocations were later agreed in current RAN5 spec 38.521-1 [2].
Observation 3: The test RB configurations in [2] were not examined with whether it’s an inner RB or outer RB allocation, but only with the above-mentioned principles.

However, in our current analysis, for the highlighted A1 case of this NS_27 A-MPR, the test RB configuration has some mismatch with its corresponding A-MPR. 
Specifically, the 96/99@63 and 48/49@32 RB allocations are actually inner RB allocations, but it was defined in 38.521-1 [2] as the test configuration for A1 A-MPR, which, in fact, is an A-MPR defined for outer RB allocations.
The inner and outer RB allocations are defined in 6.2.2 of [2] and [3], and it is shown below:
	Quote from section 6.2.2 of [2] and [3]:
Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1. RBStart,Low = max(1, floor(LCRB/2))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBStart,High = NRB – RBStart,Low – LCRB
The RB allocation is an Inner RB allocation if the following conditions are met
RBStart,Low  ≤  RBStart  ≤  RBStart,High, and
LCRB  ≤  ceil(NRB/2)
where ceil(x) is the smallest integer greater than or equal to x.
An Edge RB allocation is the one for which the RB(s) is (are) allocated at the lowermost or uppermost edge of the channel LCRB ≤ 2 RBs.
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or Edge RB allocation.
If CP-OFDM allocation satisfies following conditions, it is considered as almost contiguous allocation
NRB_gap / (NRB_alloc + NRB_gap ) ≤ 0.25
and NRB_alloc + NRB_gap is larger than 106, 51 or 24 RBs for 15 kHz, 30 kHz or 60 kHz SCS respectively where NRB_gap is the total number of unallocated RBs between allocated RBs and NRB_alloc is the total number of allocated RBs. The size and location of allocated and unallocated RBs are restricted by RBG parameters specified in clause 6.1.2.2 of TS 38.214 [10]. For these almost contiguous signals in power class 2 and 3, the allowed maximum power reduction defined in Table 6.2.2-2 and Table 6.2.2-1 are increased by
CEIL{ 10 log10(1 + NRB_gap / NRB_alloc), 0.5 } dB,
where CEIL{x,0.5} means x rounding upwards to closest 0.5dB. The parameters of RBStart,Low and RBStart,High to specify valid RB allocation ranges for Outer and Inner RB allocations are defined as following:
RBStart,Low = max(1, floor((NRB_alloc + NRB_gap)/2))
RBStart,High = NRB – RBStart,Low – NRB_alloc –NRB_gap
For the UE maximum output power modified by MPR, the power limits specified in clause 6.2.4 apply.



Following the methodologies above, the 96/99@63 and 48/49@32 are inner RB allocations. And its proof is shown below.
	For 96@63: RBstart = 63; LCRB = 96; NRB = 216 (15 kHz SCS);
RBstart,Low = 96/2 = 48; RBstart,High = 216 – 48 – 96 = 72; RBstart,Low(48) < RBstart (63) < RBstart,High(72);
Thus, 96@63 is inner RB allocation, and quite similarly 99@63 is also inner RB allocation.

For 48@32: RBstart = 32; LCRB = 48; NRB = 106 (30 kHz SCS);
RBstart,Low = 48/2 = 24; RBstart,High = 106 – 24 – 48 = 34; RBstart,Low(24) < RBstart (32) < RBstart,High(34);
Thus, 48@32 is inner RB allocation, and quite similarly 49@32 is also inner RB allocation.



Observation 4: The 96/99@63 and 48/49@32 RB test RB allocations are actually inner RB allocations, but its corresponding A-MPR value A1 is defined for outer RB A-MPR specifically. Therefore, there is a mismatch between the test configuration and its potential test purpose.

This NS_27 A-MPR test configuration would impact the test case 6.5.2.3 (Additional spectrum emission mask) and 6.5.3.3 (Additional spurious emissions) from the Table 6.2.3.3.1-1 of TS 38.521-1 [2].
Table 6.2.3.3.1-1 [2]: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (subclause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	…
	…
	…
	…
	…
	…

	NS_27
	6.5.2.3.3.8
6.5.3.3.3.14
	n48
	5, 10, 15, 20, 40
	Table 6.2.3.3.16-1
	Table 6.2.3.3.16-2

	…
	…
	…
	…
	…
	…

	NOTE 1: This NS can be signalled for NR bands that have UTRA services deployed.
NOTE 2: No A-MPR is applied for 5 MHz BWchannel where the lower channel edge is ≥1930 MHz,10 MHz BWchannel where the lower channel edge is ≥1950 MHz and 15 MHz BWchannel where the lower channel edge is ≥1955 MHz.
NOTE 3:	Applicable when the NR carrier is within 1447.9 – 1462.9 MHz.
NOTE 4:	Applicable when the upper edge of the channel bandwidth frequency is greater than 1980 MHz.
NOTE 5:	Applicable when the NR carrier is within 2545 – 2575 MHz.



Observation 5: The above-mentioned test configuration would impact the NS_27 test case 6.5.2.3 (Additional spectrum emission mask) and 6.5.3.3 (Additional spurious emissions) from the Table 6.2.3.3.1-1 of TS 38.521-1 [2]

For the mismatch we found in Observation 4, we further checked if there’s any possible mistakes in RAN4 spec 38.101-1[3], for example if this A1 can actually apply to both inner and outer RB allocations but mistakenly defined as outer RB only.
We further checked the RAN4 original discussion paper of this NS-27 A-MPR table, R4-1909607[4], its simulation clearly showed the A1 and A2 A-MPR was dedicated proposed to those outer RB allocations, as shown in the figures below.
[image: ]
For discussion convenient, I roughly drew the outer and inner RB regions in the figure below. And it further explained the simulation results and their proposals: 
· In A1 region of the figure, the A-MPR is only required to those outer RB allocations. The simulation reflected no A-MPR is needed for the inner RB allocation part of A1 region; and,
· In A2 region of the figure, all RB allocations are outer RB allocations. And the simulation suggested all those outer RB allocations are required to apply A-MPR.
[image: ]
The above results also reflected in their proposed A-MPR table below. And it is the exact table in the current spec [2] and [3].
[image: ]
 
With the above analysis and understanding, RAN4 ran simulations, discussed and agreed to define this A1 as an A-MPR value for outer RB allocations only. 

Observation 6: By reviewing RAN4 discussion paper R4-1909607[4], RAN4 ran simulations, discussed and agreed to define this A1 as an A-MPR value for outer RB allocations only.

From the Observation 1~6, test RB allocations are targeted to test the A-MPR value (A1, A2, etc.), however the current test RB allocation as 96/99@63 and 48/49@32 cannot correctly test the A-MPR value A1. Thus, we propose to change test RB allocation 96/99@63, 48/49@32 to 96@73, 99@69, 48@35, 49@34 accordingly.
Proposal 1: From the Observation 1~6, test RB allocation for this A1 A-MPR case falls into ‘Outer RB allocation’, as such change current test RB allocation from 96/99@63, 48/49@32 to 96@73, 99@69, 48@35, 49@34 accordingly.
Conclusion
Observation 1: RAN4 spec 38.101-1 [3] defined the A1 value of A-MPR for the outer RB allocation only in the condition of 40MHz channel bandwidth, 3570 ≤ FC < 3600, 11.34MHz ≤ RBstart*12*SCS ≤31.0 MHz and LCRB*12*SCS < 18MHz.
Observation 2: RAN5 translated the RB configuration region from RAN4 spec 38.101-1 [3] directly, and proposed the current test RB allocations with the principles of allocating as many RBs as possible close to the upper part or lower part of n48. These test RB allocations were later agreed in current RAN5 spec 38.521-1 [2].
Observation 3: The test RB configurations in [2] were not examined with whether it’s an inner RB or outer RB allocation, but only with the above-mentioned principles.
Observation 4: The 96/99@63 and 48/49@32 RB test RB allocations are actually inner RB allocations, but its corresponding A-MPR value A1 is defined for outer RB A-MPR specifically. Therefore, there is a mismatch between the test configuration and its potential test purpose.
Observation 5: The above-mentioned test configuration would impact the NS_27 test case 6.5.2.3 (Additional spectrum emission mask) and 6.5.3.3 (Additional spurious emissions) from the Table 6.2.3.3.1-1 of TS 38.521-1 [2]
Observation 6: By reviewing RAN4 discussion paper R4-1909607[4], RAN4 ran simulations, discussed and agreed to define this A1 as an A-MPR value for outer RB allocations only.

Proposal 1: From the Observation 1~6, test RB allocation for this A1 A-MPR case falls into ‘Outer RB allocation’, as such change current test RB allocation from 96/99@63, 48/49@32 to 96@73, 99@69, 48@35, 49@34 accordingly.
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